In this paper we raise "ten questions" broadly related to "omics", the term systems biology, and why the new biology has failed to deliver major therapeutic advances for many common diseases, especially diabetes and cardiovascular disease. We argue that a fundamentally narrow and reductionist perspective about the contribution of genes and genetic variants to disease is a key reason "omics" has failed to deliver the anticipated breakthroughs. We then point out the critical utility of key concepts from physiology like homeostasis, regulated systems and redundancy as major intellectual tools to understand how whole animals adapt to the real world.
What does the term "systems biology" mean to physiologists? This question is especially interesting for integrative physiologists who study conscious humans both with and without coexisting disease. To begin to answer this question, we first looked for a clear description of what systems biology is, what problems it hopes to solve, and how it differs from other more "traditional" disciplines in the life sciences. In general we could find no clear definition of what exactly systems biology is and how it differs fundamentally from physiology. However, as part of our search, we found several interesting statements on the systemsbiology.org website. Here are three examples. The statements above, whatever their merits provide food for thought and can be used to frame a series of intentionally provocative questions. Along these lines, we have generated "10 questions" in an attempt to critically evaluate the origin of systems biology and what it is or is not and how it does or does not differ from more traditional views and disciplines in the life sciences including integrative physiology. For some of our questions the goal is not to reach a definitive conclusion but to raise issues for discussion and debate. Additionally, some of the questions and answers have significant overlap. Along these lines, our fundamental position is that for at least several centuries, physiology in general and integrative physiology in specific has in fact been doing what systems biology seeks to do. Moreover, we see physiology as hypothesis driven and framed by high level concepts about integration and regulation of systems vs. a more hypothesis neutral approach for some versions of systems biology. Finally, we also want to discuss whether systems biology has made or is likely to make significant contributions to major global health challenges, an area where physiology has clearly contributed.
"Systems biology is the study of an organism, viewed as an integrated and interacting network of genes, proteins and biochemical reactions which give rise to life. Instead of analyzing individual components or aspects of the organism, such as sugar metabolism or a cell nucleus, systems biologists focus on all the components and the interactions among them

Question 1: Why the need for something called systems biology?
There is no clear answer about why the "need" for systems biology arose. However, it seems reasonable to speculate about a potential chain of events, which led to its emergence. During the 1980s and 90s there was vast intellectual and technical progress in the areas of genetics and molecular biology. This progress was exemplified by the identification of the cystic fibrosis gene in 1989 and the associated optimism for gene therapy stemming from it (Collins, 1992; Pearson, 2009) . A second key example was the sequencing of the entire human genome announced in 2001 and the idea that a limited number of genetic variants would emerge and explain common diseases like cancer, hypertension, atherosclerosis, diabetes etc (Collins, 1992; Collins, 1999; Collins, 2001; Manolio et al., 2009) . The optimism generated by these events may have been informed in part by a mentality that might be described as biological "orthopedic surgery". The idea is that a gene is broken, fix the broken gene, and cure disease (Noble, 2008) . This vision has clearly fallen short despite the vast resources devoted to these paradigms by funding agencies and commercial interests. With one or two exceptions gene therapy has failed to deliver (Pearson, 2009) . Likewise simple genetic answers have not emerged for common diseases (Paynter et al., 2010; Pedersen, 2010; Seshadri et al., 2010; Talmud et al., 2010) . Figure 1 is an example of how "omics" has failed to provide much predictive insight beyond traditional risk factors for type II diabetes in humans. A genetic risk score based on 20 gene variants associated with type II diabetes has only slightly more predictive power than chance and is much worse than "traditional" risk factor scores based epidemiological and phenotypic date.
Numerous large-scale genome-wide association studies have also emerged as powerful approaches to identify genetic polymorphisms that are associated with the risk of developing cancer and other complex diseases or to develop risk-factors for chronic diseases, e.g. abdominal adiposity. Microarrays permit interrogation of more than one-million single-nucleotide polymorphisms (SNPs) at the same time. Novel loci and genetic variants have been identified as markers of disease risk. The number of genetic variants identified is in the range of a handful to approximately 30 ( Van der Vegt et al., 2009; Sorensen & Orntoft, 2010; Zhang et al., 2010) .
While findings from large-scale genome-wide association studies can provide new insights into the pathogenesis of various diseases, sometimes the enthusiasm expressed for their clinical relevance seems out of proportion to their effect size on phenotypes of interest. Our skepticism is supported by several critical reviews. (Dupuy & Simon, 2007; Koscielny, 2008) .
It is also interesting to note that drugs targeting channels and other traditional pathways may have dramatic disease modifying effects in Cystic Fibrosis (Donaldson & Boucher, 2007; Verkman & Galietta, 2009) . Given the many successes of drugs that target receptors, transporters and channels over the last 40 or so years was the search for a genetic "holy grail" in CF misguided (Black 1989; Ma & Zemmel, 2002; Rajagopal et al., 2010) ? Genetic causes of disease are one thing, suitable drug targets another.
So, perhaps systems biology emerged with the recognition by the molecular and genetic reductionists that their basic intellectual assumptions were failing to deliver the broad-based diagnostic and therapeutic advances they were so confident of (Pearson, 2009) . Things were much more complicated than originally envisioned. The idea now is that generating large volumes of "hypothesis neutral" molecular data in combination with vast computing power will reveal so-called emergent properties and generate the insight missing from the approaches outlined above (Kell & Oliver, 2004; Golub, 2010; Weinberg, 2010) .
From the perspective of "physiological thinking," both the challenges associated with targeting single genes for therapy and the lack of simple genetic explanations for common disease is not particularly surprising. Cardinal principles that flow from physiology include the concepts of homeostasis, regulated systems, and redundancy. In this context, the most obvious explanation for the failure of molecular biology to deliver vast predictive or curative insights is perhaps general failure to understand the concept of redundancy operating in the context of homeostasis and regulated systems. In general, if there is a central set point for a key "homeostatic" variable like whole body temperature, blood pressure, or pH then a number of regulated systems operate to keep these values in a narrow range. This means that if one element of the regulatory landscape is eliminated then other redundant elements can pick up the slack so that the variable of interest (for example blood pressure) does not change much.
Over the years, classic physiology has shown that the performance of tissues, organs, systems and whole animals can in fact be quite normal when one or more key component is eliminated via denervation, high dose pharmacologic blockade, or more recently genetic knock out. Classic examples include demonstrations that: 1) the control of breathing during exercise is only minimally altered by chemoreceptor denervation, 2) long-term blood pressure regulation remains remarkably normal during various perturbations directed at the autonomic nervous system, 3) exercise capacity is well maintained in either animals with denervated hearts or humans subjected to high doses of beta-blockade, and 4) the inability to clearly identify a single mechanism or mechanisms that account for more than about 20% of the vasodilator responses in the coronary circulation during exercise (Donald et al., 1964; Cowley et al., 1973; Joyner et al., 1986; Mitchell & Babb, 2006; Duncker & Bache, 2008) . Interestingly, ~80 % of yeast genes can be knocked out with little impact on survival in an unstressed environment (Hillenmeyer et al., 2008) .
Thus the key idea in physiology that a single mechanism frequently explains "100% of nothing" has clearly been missing in the reductionist perspective outlined above. Figure 2 is an example of how the coronary circulation continues to dilate normally in exercising dogs when three major dilating pathways are blocked (Tune et al., 2001) . Our own work on the redundant nature of how endocrine like substances and blood borne signals from exercising muscle operate to regulate metabolism and how the autonomic nervous system contributes to blood pressure regulation reinforce the role of the principles outlined above (Pedersen & Febbraio, 2008; Joyner et al., 2010) .
In summary, systems biology begins to recognize the limitations of the reductionist approach to biology. However, recognition of what might be called mega-concepts like homeostasis, regulated systems and redundancy in any proposed new paradigm will be of critical importance. In the systemsbiology.org quotes above, the analogy is made between various component parts of a car and the overall function of a car. This type of analogy has been used repeatedly by physiologists over the years to distinguish "us from them." The implicit assumption underlying the analogy is that if we just have enough parts a car will emerge. However, in a car, a variety of what could be called local and systemic features interact to regulate the overall performance of the car. These include a variety of temperature controls, other systems that regulate the car's "body fluids," and (at least in modern cars) a number electronic sensors and central integrators that operate to some extent like neural and hormonal control mechanisms to preserve the homeostasis of the car under a variety of circumstances (Cannon, 1941 : Csete & Doyle, 2002 .
So, while systems biology should be applauded for recognizing the limits of reductionism that underpinned molecular biology and genetics; it continues to fail to recognize that a variety of integrating functions between cells, organs, systems, the entire organism, and the environment are required to generate a fully functional and highly adaptive animal. This is clearly one area that distinguishes integrative physiology from systems biology. It should also be pointed out that this criticism of reductionism is not new (Csete & Doyle, 2002) . A particularly good example comes from the Pickering lecture on blood pressure regulation given by Bjorn Folkow in 1994 (Folkow, 1995) .
Question 3: How have traditional life sciences really failed to provide insight into disease?
The introductory statements on the systemsbiology.org web site state that new approaches are needed because traditional biology "can yield relatively limited insights about the human body": thus the "limited success in curing complex diseases such as cancer, HIV, and diabetes."
At some level this assertion is dependent on what the boundaries of traditional biology are. If traditional biology as a discipline stops at the cell membrane (or wall) this is potentially correct, if it includes whole organisms and even populations it is an extremely narrow perspective. Since our view of biology is inclusive, we reject these assertions and provide a few examples of how physiology has provided insight into disease. In some cases there are in fact physiologically driven potential cures for certain chronic diseases that we will discuss. In other cases physiologically driven interventions can dramatically alter the course of many chronic diseases.
However, as we point out at the end of this paper, patterns of disease have far more to do with culture and environment than discrete biological mechanisms at any level, and it should be noted that the only disease that has ever been eradicated is Smallpox.
First, HIV while not curable can certainly be prevented and controlled by a combination of public health measures, and drug therapy. Second, the most common recognized killer in the developed world is atherosclerosis (in reality if physical inactivity were seen as a disease state it would be number one) (Chakravarthy & Booth, 2004) . However, there has been vast progress against coronary artery disease in the last ~50 years, including a 50-70% reduction in agespecific death rates in many countries (Heron et al., 2009) . Additionally, there is a simple physiological narrative about the balance between oxygen supply and oxygen demand in the heart that underpins our basic understanding of coronary artery disease and its complications (Nelson et al., 1974) . When this balance is reduced acutely or chronically, pathophysiological responses occur and various disease syndromes with coherent physiological stories (like congestive heart failure) emerge (Felder et al., 2001) .
Importantly, there are multiple physiologically based therapies directed at shifting the balance between oxygen supply and oxygen demand in the heart in a favourable way. Beta-blockers and other antihypertensive therapy reduce myocardial oxygen demand and limit ventricular hypertrophy. Interventional procedures, exercise training, diet and drugs can promote or maintain improved oxygen delivery to the heart (Ehsani et al., 1981; Ornish et al., 1998) . Anticoagulants and thrombolytic therapy stop or reverse acute obstructions of diseased arteries and restore blood flow to the heart (Libby, 2001 ).
Additionally, physiologically-based diagnostic procedures as simple as the electrocardiogram, or exercise stress test, or as complicated as nuclear medicine studies have led to improved and early diagnosis of coronary disease. These physiologically based approaches have also gone hand-inglove with insights from epidemiological and population based studies, interventional clinical trials, and public health measures designed at preventing smoking, treating blood pressure, altering dietary fat intake and promoting physical activity.
A similar story can be told about type II diabetes. Whole body tracer studies have revealed great insight into the defects associated with endogenous glucose production, glucose uptake by various tissues, and defects in insulin secretion and action in type II diabetes (Bock et al., 2007; Rizza, 2010) . Studies from isolated tissues have explored how insulin receptors and related glucose transport mechanisms are altered in the diabetic state (Henriksen, 2002) . Interventional studies have shown that weight loss or increased physical activity can prevent reverse and even "cure" many of these defects (Rogers et al., 1988; Lindström et al., 2006) . There are also simple physiologically-based tests like the oral glucose tolerance test to clearly detect who has and who is at risk for the development of type II diabetes. So, physiology in conjunction with epidemiology and interventional studies has provided great insight into diabetes and offers profoundly effective treatment strategies. These observations clearly rebut the assertion that traditional biology has yielded relatively limited insights about the human body.
Additionally, depending on the definition of "cure", they also rebut the assertion that traditional biology has had limited success in curing complex diseases.
Question 4: Is systems biology a new discipline, an approach, or a collection of tools?
From the perspective of integrative physiology, systems biology appears to be a collection of tools in search of questions versus a collection of hypothesis-driven questions searching for an answer (Kohl et al., 2010) . As demonstrated in the companion papers of Drs. Hester and Secomb, mathematical modeling and so-called computational biology have a long history in physiology. As Denis Noble has pointed out, this dates to at least Harvey's early ideas about cardiac output (Auffray & Noble, 2009 ). Secondly, physiology as a discipline has been marked by the targeted use of reductionist tools in the pursuit of hypotheses based on big overriding ideas such as homeostasis, feedback control, and redundancy. A classic example is the sequential incorporation of all sorts of ideas ranging from social science, interventional studies in humans to the most reductionistic tools to study something as complicated as blood pressure regulation (Folkow, 1995; Gleiberman, 2009) . Models now exist that include thinking about how things like genetic variations in renal sodium handling might interact with social stress to increase the risk of hypertension in some ethnic groups (Gleiberman, 2009 ).
So, perhaps systems biology is a tool kit in search of questions. It also seems like an indiscriminant effort (see also the comments below about hypothesis neutral science below) to throw more and different combinations of technology at the idea that if we only understood "what is wrong with the genes" we would gain vast new insights into disease. In this context, it is interesting to think about the discovery of EDRF and subsequently nitric oxide (Furchgott, 1996) . EDRF was discovered using a standard blood vessel preparation, and the discovery may have been facilitated when a technician failed to remove the endothelium and/or add α-adrenergic blockers. The main EDRF was subsequently shown to be nitric oxide and these twin discoveries have had broad-based implications in every field of the life sciences and led to insights like gas-transmitter-signaling and new therapeutic thinking about a number of diseases.
In a rhetorical context, it is tempting to ask if insights following from this discovery have done more for biomedical research and patient care than all of the information from the genome so far.
Would the genome project have led to the The simple fact that this is a legitimate question is something to think about and re-raises a number of questions posed by the great physiologist Julius Comroe in the 1970s about goal-directed research and big science vs. curiosity driven research and smaller teams of investigators (Comroe & Dripps, 1974) .
Question 5: Is systems biology still too "cell-centric"?
If our speculation about the genesis of systems biology stemming from frustrations associated with the inability of reductionist approaches to live up to their (self generated) hype are correct, the statements about systems biology in specific and the definition of what is or is not "traditional" earlier in this paper still seem too cell centric. For a contrasting example one can argue that hypertension is fundamentally a failure of: 1) several (redundant) mechanisms that sense arterial blood pressure and inform the brain about what is happening in the periphery, 2) failure of the brain to integrate this information and make the appropriate neuro-humoral adjustments, and 3) failure of the peripheral tissues to respond to the neuro-humoral adjustments (Folkow, 1995; DiBona & Esler, 2010; Joyner et al., 2010) . Again, similar points can be made for diabetes, congestive heart failure, obesity and other common diseases. These examples argue that a failure to regulate at a systemic level is just as important as the discrete alteration of a cellular function for many diseases. Claude Bernard, Walter Cannon, August Krogh and L.J.
Henderson all recognized that a failure of systemic regulation is a key when things go wrong with a "whole animal" (Krogh, 1939; Cannon, 1941 , Henderson, 1941 Noble, 2007) .
Question 6: What is hypothesis neutral?
One puzzling feature of the "new biology" to physiologists has also been the emergence of socalled "hypothesis neutral" or "discovery science" (Kell & Oliver, 2004; Golub, 2010; Weinberg, 2010) . There are plenty of facets of these terms that can be discussed, but as outsiders looking in, the general idea appears to be that with a large enough data sets and enough high throughput-omic technology certain associations (causal linkages?) between genetic markers, expression profiles, protein synthesis etc. and a phenotype of interest might emerge. Has the use of the word "discovery" emerged because of the negative connotations associated with the term "descriptive" and concerns about funding "fishing expeditions"? This is particularly frustrating to physiologists who have heard their discipline described as "descriptive" by the reductionists.
Along these lines, it is interesting to note that pharmacogenomics is one of two areas of "omics" that has generated a number of findings with clear relevance to the treatment of human disease (Pereira & Weinshilboum, 2009; Schroth et al., 2009) . In general, those interested in pharmacogenomics are interested in (among other things) understanding why there are responders and non-responders to drug therapy in certain conditions or why certain side effects emerge is some patients but not others. These general questions seem to have generated a much more hypothesis driven approach informed by key concepts about drug metabolism and action that have parallels to the physiological principles highlighted earlier.
Another area where "omics" is generating striking answers to old questions is in anthropology.
Two examples include the emergence of lactase persistence in various populations and the genetic adaptations of populations to unique environmental challenges like extreme altitude (Gibson, 2007; Enattah et al., 2008; Ingram et al., 2009; Simonson et al., 2010; Yi et al., 2010) .
In both cases these pursuits seem to have been driven by clear prospective questions and hypotheses. Along these lines, would the powerful high throughput and computational technologies that form the basis of systems biology be better served if they were applied to testing clearly stated hypotheses?
Question 7: Does environment override genetics?
Another potential problem with the cell, genetic, and "omic" focused systems biology paradigm outlined above is that it will fail to provide vast insights into the human condition, especially disease, because so much of who gets what disease is fundamentally driven by culture, environment and lifestyle (Fraser & Shavlik, 2001; Marmot, 2006; Murray et al., 2006) . There are a number of lines of evidence that favour this argument.
First, as humans in developed countries have become progressively less physically active and exposed to progressively more food, the incidence of obesity and type II diabetes has skyrocketed (Chakravarthy & Booth, 2004; James, 2008; Heron et al., 2009 ). This has happened in only a few generations and is happening too fast to be attributable to some fundamental change in the human genome (Bassett et al., 2004; Chakravarthy & Booth, 2004; Krebs, 2009) .
One interpretation of the genome-wide association studies is that several (if not all) of the more than 200 common DNA variants associated with human traits, are only of clinical significance when exposed to a certain environment, e.g. high-fat food, big portion sizes and inactivity. This idea is certainly supported by several knock-out animal models of obesity, where the target gene results in a phenotype only when stressed with a high fat-high sucrose diet. This has been found for many obesity-related genes. One example is the recently identified adipokine Sfrp5 (Ouchi et al., 2010) . When Sfrp5-deficient mice were fed a high-calorie diet, they developed severe glucose intolerance and hepatic steatosis, and their adipose tissue showed an accumulation of activated macrophages that was associated with activation of the c-Jun N-terminal kinase signaling pathway. However, when the animals were fed chow, they did not demonstrate the disease phenotype. Thus, genes matter, but typically it is the gene-environment interaction that demonstrates a phenotype.
The observations about obesity and type II diabetes are backed by the more general observation that as humans migrate from one culture to another, their patterns of disease reflect the extent to which they have either retained their "original" culture or adopted the culture of their new country (Marmot et al., 1975; Marmot & Syme, 1976; Curb and Marcus, 1991) . This is an old story in epidemiology but one that seems to have been forgotten in the current age of "omics."
Second, as noted above, phenotypic and family history-based methods are far more informative about the risk for future type II diabetes than currently available genetic risk scores (Talmud et al., 2010) . Likewise, for cardiovascular disease, the distribution of genetic variants thought to be associated with coronary artery disease is essentially identical in individuals both with and without coronary disease (Paynter et al., 2010) . So at least for type II diabetes, coronary artery disease and also Alzheimer's disease the results so far suggest that the ability of genetic markers to be particularly informative about the risk of these diseases is in fact limited (Pedersen, 2010; Seshadri et al., 2010) . In this context, it is interesting to think about human height. Height is a phenotype that is easy to measure and based on traditional assessment techniques is 80% heritable. However, genome wide association studies have indicated that only about 5% of this heritability can be attributed to known variants and the most powerful variant that influences height only influences about 0.3% of the overall variation (Weedon & Frayling, 2008) .
Additionally, no strong linkage to any chromosomal region has been found, suggesting that the finding of some new site that explains a large fraction of the genetics of height is unlikely.
Third, even short-term changes in the environment or behavior might be more important in the generation of disease phenotypes than previously thought. Normally, environmental influences are thought to take years to exert their influence. However, recent studies clearly demonstrate that just a few days of physical inactivity can be associated with phenotypic changes that would predispose the physically inactive to cardiovascular disease and diabetes (Olsen et al., 2008) .
Thus in contrast to "omics" who gets what disease when seems driven largely by lifestyle, culture, and environment are the major factors determining (Fraser & Shavlik 2001; Diabetes Prevention Program Research Group, 2002; Bassett et al., 2004; Chakravarthy & Booth, 2004; Kyle & Pichard, 2006; Marmot, 2006; Blair & Morris, 2009; Talmud et al., 2010) . We expand on these ideas next.
Question 8. Is "Bench to Bedside" in reality a one-way street that has failed?
Translational research (a term with a slippery definition), with its mantra "bench to bedside and back," emerged as a top priority for the NIH and other funding agencies in the early 2000s (Dougherty, 2009 ). This priority was coupled with the NIH Roadmap targeting the reinvigoration of clinical research as a major goal. The topic has been a hot one, featured on the cover of Nature on June 12, 2008. Systems Biology, with its stated goal of translating basic research into effective new diagnostic tests and therapies can be viewed as either an appropriate next step or an opportunistic rebranding of reductionism.
The big question is, however, whether the concept of "translational research" on the basis of "systems biology" in fact was new, innovative and radical. In fact, the combination of clinical research and basic research is not new. However, what has happened during that past decade is that the new "omic" -technology was branded as revolutionary, funding and prestige followed the hype, and this lured many promising scientists and physicians to choose a life at the bench.
The idea, as outlined in the opening quotes of this paper, was that screening and then modeling the transcriptome, the proteome, the metabolome or any other "omes" would result in a revolution in individualized medicine. However, the fact is that we are still waiting for a strategy whereby these techniques can be successfully applied in the clinic for the benefit of patients and populations.
One fruitful example linking genomics with physiology was recently published by the Vaag group (Alibegovic et al., 2010) . The aim of their study was to determine whether the type 2 diabetes-associated T-allele of transcription factor 7-like 2 (TCF7L2) rs7903146 was associated with impaired insulin secretion to compensate for insulin resistance induced by bed rest. They performed a classical integrative physiological study. A total of 38 healthy young Caucasian men were studied before and after bed rest using the hyperinsulinemic-euglycemic clamp technique combined with indirect calorimetry preceded by an intravenous glucose tolerance test.
They were able to show that healthy carriers of the T-allele of TCF7L2 rs7903146 exhibited a diminished increase of insulin secretion in response to intravenous glucose to compensate for insulin resistance as induced by bed rest (figure 3).
Thus, whereas initial classical genome-wide association studies often need more than 100, 000 participants in order to identify a gene variant of potential interest, the biological role of such gene may be identified through advanced physiological experiments and what might be termed "high resolution phenotypoing" in a limited number of humans. However, except for a few examples, we have been waiting for a more fruitful exchange between the basic and clinical research environments. In the meantime, scientists have moved from the bed to the bench. Since the 1970s, the number of clinical investigators at NIH and across the US has steadily dwindled while the total number of researchers has grown. According to Varki and Rosenberg (Varki & Rosenberg, 2002) Rosenberg, also documented that the number of NIH grants awarded to PhDs, to MDs and to MD/PhDs were basically comparable in 1970. However, by 1997 ~70% of funded investigators were basic scientists (Rosenberg, 1999) . There has also been a long history of major contributions of Ph.D. trained investigators in integrative physiology. However, there are no data to clearly show a reduction in Ph.D. translational investigators, but we suspect this is also the case.
While there are less definitive data on other countries, it appears that these trends are likely world wide. It is also interesting to note that as the workforce and funding has shifted, the time devoted to teaching medical students and graduate students integrative or systems physiology has been reduced and many traditional physiology departments have either redirected their efforts or vanished (Bunton, 2006) . The noted Harvard biologist Daniel Lieberman (personal communication) has commented that it is possible to get a Ph.D. in biology from Harvard without ever studying anything "larger than a cell."
The criticism is that translational research has not delivered new therapies to a degree consistent with the resources devoted to them. The fact is that Systems biology dressed as translational medicine is presently at a stage, where only the optimist would say the strategy is "working."
Whether the lack of progress for strategies that might be called systems biology in a clinical context is due to simply a "workforce" imbalance, or whether the reflect more fundamental issues with the "balance of power" (or at least people and resources) between basic and clinical research can be discussed. However, we fear that this is a real possibility. In this context, we previously pointed out that pharmacogenomics with it focus on clinical responders and nonresponders to drug therapy in patients seems to be one of several areas where the bench to bedside paradigm has been turned on its head and working.
Question 9: Do we need a "From Man to Molecule" strategy?
As noted in our "answer" to question 8, we believer that translational medicine got it wrong, when the needed two-way approach turned-up to be a one-way street. The idea is that translational medicine begins at "the bench" with basic research and then progresses to the clinical level or the patient's "bedside." In this scheme basic scientists provide clinicians with new tools and insights, while clinical researchers make novel observations about human physiology as well as the nature and progression of disease, which could stimulate basic investigations. However, perhaps the important fact to face is that the implications of this bottom up model of translational research on scientific culture and ultimately health may have significant limitations. (Brook, 2010) .
Along these lines, we believe that translational medicine can begin at the bedside (or perhaps population), as well as at the bench. In the bedside (or population) to bench version, the clinical researchers and/or integrative physiologists need to identify the clinical problem to be solved and the new techniques should be brought to bear in an integrative setting to identify new biological mechanisms. We suggest that a "from man to molecule" strategy, which includes an integrative physiological approach, with a focus on homeostasis and principles of physiological control will more successfully lead to the development of new diagnostics and treatments. In this context, it should be remembered that the best predictor of future mortality in many population based studies is a simple exercise test (Blair & Morris 2009 ).
Question 10: Do we really need an expanded strategy: "From culture / environment to man to molecule?" Systems biology is typically identified as a biology-based inter-disciplinary study field that focuses on complex interactions between and among biological systems operating primarily at the cellular level, claiming that this is a fundamentally new perspective. However, the claimed holistic approach is far from being holistic in the sense of what is necessary to affect major global health challenges.
In this context, history clearly demonstrates that structural changes in a society have more impact on health than any group interventions or sophisticated discovery strategies. This was recently illustrated in Cuba's economic crisis of 1989-2000 which occurred after the collapse of the Soviet Union. This time frame has also been referred to with the Orwellian title of the "Special Period." The crisis resulted in reduced energy intake, increased physical activity, and sustained population-wide weight loss. The crisis reduced per capita daily energy intake from 2,899 calories to 1,863 calories. During the crisis period, the proportion of physically active adults increased from 30% to 67%, and a 1.5-unit shift in the body mass index distribution was observed, along with a change in the distribution of body mass index categories. The prevalence of obesity declined from 14% to 7%. During 1997 During -2002 , there were declines in deaths attributed to diabetes (51%), coronary heart disease (35%), stroke (20%), and all causes (18%). These results suggest that population-wide measures designed to reduce energy stores and/or increase physical activity level, may lead to declines in diabetes and cardiovascular disease prevalence and mortality to an extent that has not been seen with any other strategy (Rodríguez-Ojea et al., 2002; Esquível & González 2010) .
Another example of the importance of structural changes comes from studies on mortality patterns in East and West Germany (Nolte E et al., 2000) . In the years after the Second World War, the average life span was 5 years shorter for the population in Germany compared to Sweden. However, from mid-seventies the life span increased dramatically in West Germany, To take an even longer view, the major killers during the past two centuries in what is now called the developed world were infectious diseases and it is important to learn lessons about the history of how they were conquered: Cholera was not controlled by campaigns directed towards the individual, but by structural changes including civil engineering and the development of clean water and sewage systems. Tuberculosis was not successfully controlled by campaigns, individual treatments with antibiotics or vaccines, but through improvements of sanitation and the general hygiene of the population as a whole (Wishnow & Steinfeld, 1976) . More recently Traffic mortality has declined dramatically in most of the developed world. In US traffic fatalities per million vehicle miles traveled have fallen from ~10 to just over 1 from 1945 (NHTSA, 2010 . In Denmark traffic deaths have fallen from 1200 to 300 during the past 3 decades (www.dst.dk). This again is due to numerous structural changes and initiatives including regulations with regard to seat belts, air bags, speed, alcohol, improved roads, and technical improvements in cars.
When the success of structural approaches are considered along with what systems biology is unlikely to do, population-wide changes with regard to e.g. obesity and physical inactivity will need to be made at all social and political levels, including provincial, territorial and municipal governments; schools, workplaces and households. Additionally, obesity and physical inactivity affect minorities and lower income populations disproportionately, and the needed structural changes have to include those populations to reduce the already existing inequalities. In general, high income populations typically follow official recommendations with regard to health, whereas lower income populations do not. The typical commuting cyclists are not people, who can't afford cars, but those who are well-educated, conscious about environment and also the health consequences of physical inactivity (Dill, 2009; Murray et al., 2006) . With respect to food consumption and physical activity, lower income communities are more resistant to campaigns, but sensitive to availability. Therefore structural changes that make healthy lifestyles more accessible to these communities will reduce health disparities (Brook, 2010) . In the future, systems biology may be used to identify individuals or subpopulations that are more susceptible to certain environmental risk factors, but the risk factors themselves are likely to remain the same even though the extent to which they are present in an environment might change with time.
Thus is it better to reduce or eliminate whole categories of risk factors or work to stratify individuals on the basis of genetic risk and hope they can choose wisely?
Around 1900, there was great interest in what was called "physiological hygiene" and perhaps it is time to go back to the future and focus on interventions that could directly affect total energy intake and physical activity of whole populations thereby promoting health (Krogh, 1939) .
Population-wide interventions related to energy intake that promote low-energy, nutritious foods, and make fruits and vegetables more readily available and less expensive are one key step.
Limiting the availability and increasing the prices of high-energy foods is another. In many developed countries agriculture policies emerged in the first half of the last century when not enough calories was the problem (Fields, 2004; Powell et al., 2010) . Interventions related to physical activity should include promoting walking and bicycling as means of transportation. In addition, urban planners, schools and workplace designers should prioritize physical activity in their plans. When these measures have been tried, they work.
Summary and Conclusions
Systems biology should be lauded for its efforts to move beyond biological reductionism.
However, we have argued that the definition and view of systems biology originating from (or perhaps in response to) the reductionist perspective still has a number of limitations including a narrow view of what constitutes "traditional biology". We have also expressed concerns about the utility of hypothesis neutral approaches to science and perhaps and overly cell-centric view of pathophysiology. These limitations seem to be caused by the persistence of a more deterministic view of genes, gene expression, and other flavors of omics as influencing various phenotypes and a lack of appreciation of the key principles of physiological regulation.
Additionally, there also seems to be a general failure to recognize that for humans both population and individual patterns of disease may have more to do with culture, environment and behaviour than genetic variability (figure 5). In this context, we speculate that for a given individual a low physical activity, high calorie, high social stress lifestyle determines the extent that various 'risk' gene variants for metabolic, cardiovascular and other diseases become expressed, translated and or otherwise activated. These over-arching issues can either be rediscovered by the reductionists, or learned from physiologists and others with comprehensive perspectives on human health and disease. The challenge is to use integrative physiology to incorporate the findings from "omics" into models with relevance to patient groups and/or populations, to facilitate the study of gene-physiology, environmental and cultural interactions. We speculate that these individuals are largely buffered from potentially adverse genetic variants. By contrast are the inactive, obese citizens of many industrialized nations who have limited social autonomy and consistently engage in negative health behaviors. These behaviors and social factors may then interact with certain genetic variants to facilitate the emergence of many diseases such as diabetes, hypertension, cancer and vascular disease. Thus we speculate that for a given individual a low physical activity, high calorie, high social stress lifestyle determines the extent that various 'risk' gene variants for metabolic, cardiovascular and other diseases become expressed or activated. This concept is also demonstrated in figure 3. Because these interactions are likely to be complex and involve a large number of genetic variants, as shown in figure 1 , the utility of predictive models based on genetic information is likely to be limited.
